A decrease of oil consumption in the modern truck engine would mean decrease of particulate matter and hydrocarbon emissions. This decrease has a positive impact on the environment. One important source of oil consumption is the piston/piston-ring/liner system. One way of decreasing oil consumption is to optimize the surface topography of the liner. In this study different liner surfaces and different piston rings were investigated. The investigation shows that it is possible to decrease both the oil film thickness and the friction without sacrificing wear properties of the piston-liner system. A new surface parameter for quick wear estimation of this system is presented.
INTRODUCTION
Engine oil consumption is an important source of hydrocarbon and particulate emissions in heavy-duty diesel engines. The piston-liner system plays an important role in oil consumption. The high peak pressure of a modern heavy-duty diesel makes wear control an important issue when minimizing oil consumption since long term wear of this system will result in increased oil consumption. The aim of the study was thus to optimize the surface topography of the cylinder liner in order to lower the oil consumption without sacrificing wear of the engine.
RESULTS
The first step of the study was to perform computer simulations [1, 2] of the piston system to determine the variation in oil film thickness with different types of surface roughness. The results showed that both the oil film thickness on the entire stroke, Figure 1 , and the oil left on the liner after the expansion stroke were decreased when using a smoother cylinder liner surface. The phenomenon was more pronounced around the top dead center area where oil evaporation mainly occurs. As a consequence of the decreased oil film thickness friction is reduced, Figure 2 . A thinner oil film will require less shearing force in the hydrodynamic region. The second step of the study was to explore these findings experimentally. This was done in a test rig that simulates the turning point at top dead center (TDC). It is at TDC where the cylinder pressure peaks and where most of the wear occurs. A potential technique for achieving a smoother cylinder liner surface was evaluated. The technique is a diamond honing processes called glide honing. This honing has an amplitude range of about a third of normal plateau honed liner [3] . Different honing angels, 40 and 140 degrees, were evaluated in reciprocating rig experiments. The 140 degree honing angle is closest to the direction of sliding.
Three types of ring coatings and two types of liner honing angles were tested. The ring coatings were a high velocity oxygen fuel coating (HVOF), a chromium-ceramics coating (CCC) and physical vapor deposited coating (PVD). The reference is the material used in a 13 liter diesel engine. In figure 3 liner wear is shown for the different types of ring/liner combinations. Note that the PVD coated ring causes very low amount of liner wear, approximately 1% compared to the other liners. The other three ring types tested caused liner wear that is of the same order as the reference piston-liner system. As seen in Figure 4 , the PVD ring is the only ring that obtains a smoother surface after the experiment. This can explain the low liner wear. The PVD coating is harder than both the CCC and HVOF coating, see table 1 . Microscopy of the rings shows mild abrasion in the case of PVD and more severe abrasion in the case of the other coatings. In the rig experiments a friction reduction can be observed for the HVOF ring run against 40-degree glide honed liner, which could be explained by the orientation of the surface topography.
A new surface parameter is proposed for quick and robust estimation of wear of the liner surface. The new parameter, R ktot , is based on a simplified integral over the Abbott-Firestone curve, also known as the bearing area curve. The model approximates the area under the curve with simple geometrical shapes using R pk , R k , R vk , M r1 and M r2 [4] illustrated in Figure 5 . The model assumes that there is an unaltered base level of the surface. Consequently the wear must be less than the initial profile height. Based on this assumption a new parameter Rktot can be defined as a simple integral of the bearing area curve.
The wear is then the difference between new parameter value of the original surface and the corresponding value for the worn surface. Using the new parameter R ktot for wear evaluation one is able to resolve the initial running in for all surfaces. This was also observed by microscopy of the tested specimens. The parameter is also able to reproduce the difference in steady state wear rates observed in the experiments.
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CONCLUSION
The study shows that it is possible to control the wear in a situation where the oil film thickness has decreased. This can be done by optimizing the tribosystem piston/liner. The study has also shown the sensitivity of smooth liners and that they put higher demands on the piston ring. A new parameter for quick and robust estimation, R ktot , is also presented. This parameter is suitable for measuring small amounts of wear.
